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Summary: We studied a 30-year-old man with non-24-hour sleep-wake syndrome. To investigate the relationship
between environmental light—dark cycles and his sleep—wake rhythm, we documented his sleep log and rectal
temperature data without any therapeutic interventions. We found that 1) the patient’s sleep—wake pattern consisted
of two different components, appearing alternatively, with a period of 27.2 days: regular free-run (R free-run),
consisting of a daily 30- to 60-minute regular delay of sleep onset; and jumping free-run (J free-run), with clusters
of delayed (>4 hours) phase jumps in sleep onset (DP jump); 2) the frequency of sleep onset was higher during
late evening hours to midnight hours than in the daytime; 3) DP jumps occurred exclusively when the prior sleep
onset was delayed into the daytime; and 4) a cluster of DP jumps was likely to start when the patient’s low
temperature zone (a period in which rectal temperature was below average) at subjective night was illuminated by
sunlight. These results suggest that DP jumps in the patient may occur due to illumination of the delay portion of
the phase-response curve. Key Words: Non-24-hour sleep—wake syndrome—Circadian rhythm—Core body tem-

perature—Phase-response curve—Bright light pulse.

The environmental light—dark cycle is a major reg-
ulator of the human circadian rhythm (1). Experimen-
tal elimination of these environmental time cues in hu-
man subjects results in a sleep—wake cycle that is lon-
ger than 24 hours (free-run) (2-5). Miles et al. (6) first
reported the non-24-hour sleep—wake syndrome
(non-24 syndrome) (7) in a blind subject who dis-
played a free-running sleep—wake cycle. Several au-
thors described similar conditions in blind subjects (8—
10). Subsequent reports documented non-24 syndrome
in sighted subjects living in normal environments (11—
16). Many authors have suspected that the pathogen-
esis of non-24 syndrome may be related to a distur-
bance in the entraining mechanism of the circadian
clocks of subjects with the syndrome. However, no
clear documentation has been made with respect to
these hypotheses. Here we report on a sighted male
patient with non-24 syndrome and we document the
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relationship between environmental light-dark cycles
and his sleep—wake rhythm.

Case report

We report on a 30-year-old man, who, at the age of
18, began to notice that his sleep onset was gradually
delayed by approximately 1 hour each day. He tried
to maintain regular retiring and waking times but was
unable to succeed because of marked difficulties in
falling asleep. This tendency continued for 4 years,
when he was studying industrial design in college.
When he graduated, he started working as a designer
at a studio with a flexible time schedule. Walking to
work about an hour after his natural wake time, he
worked for 8 hours and then returned home. No ab-
normal findings were detected in routine electroen-
cephalograms (EEG), brain magnetic resonance im-
aging (MRI) investigations, blood count, biochemistry,
or thyroid functions. A semi-structured psychiatric in-
terview revealed that he had no axis I or III disorders
amn.
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FIG. 1. The patient’s sleep—wake record during the drug-free ob-

servation period is double-plotted in raster format. The sleep—wake
rhythm of the patient was found to consist of two different com-
ponents, each of which alternated, with a period of 27.2 = 0.6 days
(mean * SE): a free-running sleep~wake cycle, with a daily 30- to
60-minute delay of sleep onset, as typically seen from November
12 through December 4, 1991 or from December 12 through De-
cember 28, 1991 (regular free-run; R free-run); and a less regular
cycle, with clusters of DP jumps, as seen from December 5 through
December 11 or December 29, 1991 through January 4, 1992 (jump-
ing free-run: J free-run). Switch from R-free-run to J free-run
seemed to occur where the patient’s sleep onset was delayed into
the morning or afternoon hours.

METHODS

We asked the patient to keep a detailed sleep log,
including the times of lights off and on, times of sleep
onset and awakening, and his major daytime activities.
Verification of sleep log data on later occasions with
an ambulatory activity monitoring machine revealed
that his sleep log data were accurate, but we did not
verify them on this occasion. A delay of sleep onset
longer than 4 hours was defined as a delayed-phase
jump (DP jump). We expressed the temporal frequency
distribution of sleep onset preceding a DP jump as a
percentage of the total number of sleep onset events
per 2-hour period (the relative occurrence of DP
jumps).

Rectal temperature measurements were made at
S-minute intervals from March 4 through April 8,
1992 using an ambulatory recorder (resolution 0.01°C;
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FIG. 2. Temporal distributions of sleep onset and relative occur-
rence of DP jumps for the 164 days (same as Fig. 1) were docu-
mented. The occurrence of sleep onset per 2-hour period was higher
at night than during the day (upper histogram). A delay of sleep
onset longer than 4 hours was defined as a DP jump. We expressed
the temporal frequency distribution of sleep onset preceding DP
jump as a percentage of the total number of sleep onset events (the
relative occurrence of DP jumps). The relative occurrence of DP
jumps reached 100% when sleep onset occurred in the daytime
(0800-1600 hours), whereas it was lower during nighttime (lower
histogram).

Kohden Medical Inc., Tokyo, Japan) (18). We defined
a period when the rectal temperature was below the
overall mean of the measuring period (36.93°C) as a
low-temperature zone (LT zone).

RESULTS
Overview

The patient’s natural sleep—wake rhythm without
therapeutic intervention (164 days) is documented in
Fig. 1. The sleep—wake rhythm of the patient was
found to consist of two different components, each of
which alternated, with a period of 27.2 * 0.6 days
[mean * standard error (SE)]; a free-running sleep—
wake cycle, with a daily 30- to 60-minute delay of
sleep onset (regular free-run; R free-run); and a less
regular cycle, with clusters of DP jumps (jumping free-
run; J free-run). His sleep—wake cycle showed R free-
run when he fell asleep during evening or midnight
hours. Once his sleep onset was delayed into the morn-
ing hours, his sleep—wake cycle resulted in J free-run.

Circadian features of sleep onset and
DP jump

Figure 2 represents temporal distributions of sleep
onset and the relative occurrence of DP jumps for the
164 days. The sleep onsets occurred more frequently
from the late evening to midnight compared to the
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FIG. 3. Rectal temperatures and sleep-wake patterns were moni-
tored during the drug-free observation period. Sleep (black horizon-
tal bars) and low temperature (LT) zone (gray horizontal bar, see
text) are double-plotted in raster format. From March 4 through 16,
1992 (R free-run) the sleep and the LT zones were delayed each
day, regularly, in a period of 24.6 hours. The sleep episodes started
2.1 * 0.4 (mean * SE) hours subsequent to the onsets of the LT
zone and terminated approximately at the end of the LT zone. From
March 17 through March 25, 1992 (J free-run) the sleep episodes
display DP jumps, whereas LT zones appear almost regularly, with
a 31.2-hour cycle. The sleep onsets were further delayed relative to
the onset of LT zones (7.1 = 1.5 hours). On April 1, 1992 the patient
started R free-run with a 24.6-hour cycle.

daytime hours (Fig. 2, top). The frequency of sleep
onset was the highest during 0200-0400 hours and
lowest during 1000-1600 hours. The relative occur-
rence of DP jumps was higher in the daytime (0800-
1600 hours), whereas it was apparently lower during
the night (Fig. 2, bottom).

Relation between sleep and core
body temperature

Sleep episodes and LT zones are summarized in Fig.
3. When the patient displayed R free-run between
March 4 and 16, 1992 his sleep episodes and LT zones
appeared regularly, in a period of 24.6 hours. The
sleep episodes started 2.1 = 0.4 (mean * SE) hours
subsequent to the onsets of LT zones and terminated
approximately at the end of LT zones. When the pa-
tient displayed J free-run (from March 17 to 25, 1992),
LT zones appeared almost regularly, with a 31.2-hour
cycle. The sleep onsets were further delayed relative
to the onset of LT zones (7.1 = 1.5 hours). On April
1, 1992 the patient started R free-run with a 24.6-hour
cycle.

DISCUSSION

In this study, the patient’s sleep—wake pattern was
found to consist of two different components that al-
ternated, with a period of 27.2 days: R free-run, con-
sisting of a 30- to 60-minute regular delay of sleep
onset each day; and J free-run, with clusters of DP
jumps. In this respect, most of the prior reports (11—
16) on sighted non-24 syndrome seemed to have a
similar mixture of two different free-run patterns. We
also found that the cluster of DP jumps started when
the prior sleep onset was delayed into morning hours.
This may indicate that the light—dark cycle modulated
the patient’s sleep—wake cycle, especially the switch
from R free-run to J free-run. Analyses of the circadian
features of sleep onset and DP jump revealed that the
frequency of sleep onset was higher during late eve-
ning and midnight hours than the daytime. Wollmann
and Lavie (14) found similar circadian features of
sleep onset in a patient with non-24 syndrome. They
speculated that such circadian features of sleep onset
may be explained by the ‘“‘forbidden zone” for sleep
onset in the daytime and the early evening (14). In the
course that our patient exhibited, however, sleep onset
might fail to stay in the daytime because of the fre-
quent occurrence of DP jumps.

The further prolongation of the sleep—wake cycle in
J free-run recalls the internal desynchronization be-
tween sleep—wake cycle and rectal temperature in a
long isolation experiment (2). In the present case, how-
ever, phase jumps of both sleep and LT zone in J free-
run seemed to occur almost in parallel. The intervals
between onsets of LT zone and sleep were different
between R free-run (2.1 hours) and J free-run (7.1
hours). This indicates that in J free-run, sleep was
more delayed relative to rectal temperature. Kokkoris
et al. (11) reported on a patient with non-24 syndrome
and found that a sleep—wake cycle longer than 24.8
hours was accompanied by the appearance of a rectal
temperature trough that occurred earlier relative to
sleep onset. Their observation may also indicate that
the sleep—wake cycle was more delayed relative to the
core body temperature rhythm when the patient exhib-
ited the longer sleep—wake cycle (11).

Hoban et al. (15) evaluated the serum melatonin
rhythm in dim light conditions in a patient with non-24
syndrome and suggested that the sleep—wake cycle
was more delayed relative to the melatonin rhythm.
They postulated that this delayed bedtime, accompa-
nied by a later awakening, might cause the patient to
sleep through the phase advance portion of her phase-
response curve (PRC) to light (15). More recently, we
reported that the interval between rectal temperature
nadir and sleep offset was prolonged in patients with
delayed sleep phase syndrome (DSPS) compared to
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control subjects (19). This indicates that prolonged
morning sleep resulted in failure to utilize the advance
portion of the PRC. Such an estimated inability to
phase-advance the circadian rhythm properly may be
common in sleep disorders featuring sleep phase delay,
as Weitzman et al. (20) originally supposed.

Hoban et al. (15) postulated that the delayed bed-
time may have caused the patient’s delay portion of
the PRC to be illuminated if the patient went to bed
during the daytime. Recent findings (5) on the human
PRC to light indicated that light exposure slightly after
the temperature nadir possibly induced a phase ad-
vance of the circadian rhythm, and that light exposure
slightly before the temperature nadir induced a phase
delay. Given that the LT zone corresponds to a high
melatonin period (i.e. circadian night), their hypothe-
ses (5) may be applied for our patient. The present
patient may have had an opportunity to be illuminated
on his delay portion by the sun when he walked back
home in the morning. We speculate that this illumi-
nation of the delay portion of the PRC may be re-
sponsible for the provocation of DP jumps, resulting
in the alternating appearance of two different periods
of the sleep—wake cycle.
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